maintain forest production (Gama-Rodrigues et al. 2005) .
50
The productivity gains in eucalypt plantations in response to nitrogen (N) 51 application have been relatively low, especially in areas under tropical and subtropical
52
conditions. This fact indicates that the soil has been able to supply much of the N and in the microbial biomass can contribute to the N supply at different levels.
55
Together, these natural sources are sufficient to meet the N demand of eucalyptus 56 plantations for several rotations, especially in low-fertility soils (Barreto et al. 2008 (Barreto et al. , 57 2012 Quantification of the number of DB were performed using the plate count 122 method with an LGI culture medium (Dobereiner, 1988 Taq DNA polymerase (Promega, Madison, USA) in a total reaction volume of 50 µL.
152
The PCR reaction cycling conditions used were those described by Direito and Teixeira 153 (2002) .
154

DGGE
155
The DNA and cDNA amplicons obtained by the nested PCR of the soil and root , 1997) .
172
Quantitative real-time PCR
173
The quantification of the nifH gene expression in the DB present in the soil and 174 root system samples was performed by real-time qPCR using RNA samples. 
Results
197
Quantification of the moisture content and diazotrophic bacteria counts
198
The moisture content in the samples ranged from 10 to 13% in both sites, (Table 2) .
202
Analysis of diazotrophic bacteria communities
203
The amplification of the nifH gene was performed successfully, both from total
204
DNA and from cDNA samples from the soil and root systems, which allowed for the 
215
The dendrograms from the DGGE gels revealed that samples from the soil were 
242
The total DNA samples extracted from the soil and the root system had a higher Bradyrhizobium predominated in the soil samples, whereas the genus Hyphomicrobium 247 was most common in the root system samples.
248
In the cDNA samples taken from the soil, Hyphomicrobium sp. were the most The lack of access to most of the DB present in these environmental samples The diversity of habitats in the soil is important for the maintenance of high 296 bacterial diversity (Blackwood and Paul 2003) . This allows for greater environmental 297 variation for different species of free-living DB and thus leads to increased nifH gene 298 expression in soil samples. We believe that the root system displays a lower number of 299 DB because bacteria can localize to the root surface or even inside the root itself 300 (endophytic bacteria). In addition, the lower expression of nifH gene in the root system 301 could also be due to the availability of root exudates, which may benefit non-DB or 302 even decrease the need for BNF. Root exudates are many and complex, and they not 303 only serve as a carbon source for microbial growth but also promote the chemotaxis of 304 soil microorganisms to the rhizosphere (Dakora and Phillips, 2002) . In addition, the 305 presence of endophytic diazotrophic bacteria can result in less diversity of DB in the plantations, in addition to the genus Bradyrhizobium, we also found the genera
324
Burkholderia and Rubrivivax (da Silva et al. 2014) .
325
However, when the active population found in the soil samples was assessed, the 326 genus Hyphomicrobium, order Rhizobiales, was predominant. The same result was 327 found when the total DNA samples from the root system were examined. This genus 328 comprises chemo-organotrophic and facultative methylotrophic bacteria; thus, it can be 329 found in multiple different environments, including soil, freshwater and sewage 330 treatment plants (Gliesche et al. 2005) . Species of this genus are also able to use toxic 331 waste compounds not used by other methylotrophic bacteria (Fesefeldt et al. 1997) . This In the cDNA samples from the root system, the phylum Cyanobacteria was most Prior work has shown that changes in the community structure of DB have 344 functional significance and has suggested that the rate of N fixation varies as a function 345 of the diversity of the DB community (Hsu and Buckley 2009) . In this context, the 346 ecological significance of diversity in the DB community should be investigated with 347 respect to the relationships between bacterial diversity and plant productivity.
348
Therefore, this information can contribute to new discoveries or alternative 349 microorganisms that are able to increase plant nutrition.
350
Conclusions
351
The differences found regarding the profiles of the DB communities demonstrate 
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